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OBJECTIVE : The aim of the present study was to evaluate the effects of ovariectomy on the secretory apparatus 
of natriuretic peptides in right atrial cardio myocytes. 

METHODS: Nine-month-old mice underwent bilateral ovariectomy or sham surgery. The blood exam of the 
ovariectomized mice showed results consistent with castrated females. Systolic blood pressure was measured 
after ovariectomy (9 mo of age) and at the moment of sacrifice (12 mo of age). Fragments of the right atrium 
were collected and prepared for electron microscopy examination. The following variables were quantified: the 
quantitative density and area of the natriuretic peptide granules, the relative volume of euchromatin in the 
nucleus, the number of pores per 10 |im of the nuclear membrane and the relative volumes of the mitochondria 
and Golgi complex. 

RESULTS: The cardio myocytes obtained from ovariectomized mice indicated that the quantitative density and 
the area of secretory granules of natriuretic peptides were significantly lower compared with the sham- 
operated mice. Furthermore, there was a decrease in the relative volume of euchromatin, a lower density of 
nuclear pores, and lower relative volumes of the mitochondria and Golgi complex in the ovariectomized mice 
compared with the sham-operated mice. These findings suggest a pool with a low turnover rate, i.e., low 
synthesis and elimination of natriuretic peptides. 

CONCLUSION: A lack of estrogen caused hypotrophy of the secretory apparatus in right atrial cardio myocytes 
that could explain the weak synthesis of natriuretic peptides in mice. Furthermore, one of the mechanisms of 
blood pressure control was lost, which may explain, in part, the elevated blood pressure in ovariectomized 
mice. 
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■ INTRODUCTION 

Natriuretic peptides (NPs) are synthesized, stored and 
secreted by the cardiac atria and play an important role in 
blood volume homeostasis and in the normal regulation of 
arterial blood pressure (1-2). Ultrastructural histochemical 
studies have shown that specific atrial granules contain 
NP prohormones (3). The production and secretion of NPs 
depend on the structural components of the cardiomyo- 
cytes, including the number of pores in the nuclear 
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membrane, the euchromatin, the Golgi complex and the 
mitochondria, which have collectively been termed the 
secretory apparatus of the cardiomyocyte (4). NPs are 
primarily released in response to stretching of the atria 
wall, which occurs during the elevation of blood pressure 
(!)• 

The influence of estrogens on the production and 
secretion of NPs has been well established in humans (5), 
rats (6) and mice (7). Estrogens act by stimulating the 
production and secretion of NPs; the levels of estrogen are 
low in ovariectomized (OVX) rats and mice (8) but are 
restored by 17(3-estradiol administration (9-16). However, to 
the best of our knowledge, no studies in the literature have 
examined the relationship between estrogen, arterial pres- 
sure and the secretory apparatus of NPs in hypertensive 
mice. 

The purpose of the present study was to extend previous 
findings in two important ways. First, the effects of estro- 
gen deprivation on blood pressure were determined. The 
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number and size of NP granules were assessed by a 
comparison of electron photomicrographs of right atrial 
(RA) cardiomyocytes obtained from two sets of 12-mo-old 
animals, i.e., sham-operated and OVX mice. 

Second, a quantitative evaluation of the secretory appa- 
ratus of the RA cardiomyocytes obtained from the OVX and 
sham-operated mice was performed: the number of pores 
per 10 jim of nuclear membrane and the relative volumes 
(%) of the euchromatin, mitochondria and Golgi complex in 
the cardiomyocytes obtained from the two groups were 
estimated and compared. 

■ METHODS 

Animals 

Fourteen female virgin C57BL mice (9 mo of age) were 
obtained from the Animal Care Facility of Sao Judas Tadeu 
University (Sao Paulo, Brazil). The animals were housed in 
individual cages in a temperature-controlled room (22 °C) 
with a 12-hour dark /light cycle. 

Experimental design 

At the end of the 9*^ month, the mice were randomly 
assigned to the sham-operated (Sham, n = 7) or OVX (n = 7) 
groups. The animals in the OVX group underwent a 
bilateral ovariectomy under anesthesia, which was induced 
by an intraperitoneal injection of ketamine (75 mg/kg) 
and diazepam (5 mg/kg) (17). Following the surgery, the 
animals received an injection of antibiotics (40,000 U/kg 
penicillin G procaine IM). 

Three months after the ovariectomy (i.e., 12 months of 
age), the animals from both groups were euthanized with an 
intraperitoneal injection overdose of sodium pentobarbital. 
Approximately 1 ml of blood was collected from each 
mouse during the euthanasia procedure. 

Determination of blood estradiol levels and blood 
pressure measurements 

Blood levels of 17(3-estradiol were determined by a 
competitive enzyme immunoassay in a specialized labora- 
tory. All samples were measured in the same assay. Systolic 
blood pressure was measured at two time points: after 
ovariectomy (9 mo of age) and at the moment of sacrifice (12 
mo of age). The mice were anesthetized (ketamine-xylazine 
80:40 mg/kg ip) and the blood pressure was evaluated by 
indirect measurement using the tail-cuff method (18). 

Determination of the number and size of NP 
granules and the relative volumes of the 
mitochondria and Golgi complex 

Fragments of the right atrium were fixed in 5% 
glutaraldehyde in a phosphate buffer solution (0.2 M, pH 
7.3) for three hours. The samples were then washed with the 
same buffer solution for 15 minutes and placed in a solution 
of osmium tetr oxide in 1% phosphate buffer for 2 hours. The 
fragments remained in 0.5% uranyl acetate for 12 hours and 
were dehydrated in an ascending series of alcohols and 
propylene oxide for 8 hours under rotation. The fragments 
were included in pure resin for 5 hours and maintained on 
the same resin at 60 °C for 5 days. 

Semi-thin sections were used to locate longitudinally 
oriented cardiomyocytes with a central nucleus and to 
obtain ultra-thin sections using an ultra-microtome (Sorvall 



MT-2). The ultra- thin sections were contrasted with uranyl 
acetate and lead citrate and examined under a transmission 
electron microscope (Jeol, ICB, Sao Paulo University). Five 
sections per animal were photographed with a final 
magnification of x7,500 to count the NP granules (number 
of granules per cardiomyocyte) (19-24). Five electron 
micrographs per animal, which were examined with a final 
magnification of x 15,000, were used to determine the 
relative volumes of the mitochondria and Golgi complex 
and to estimate the size (section area) of the secretory 
granules. 

Determination of the number of pores 
in the nuclear membrane and the relative 
volume of euchromatin 

Five electron micrographs per animal, which were 
examined with a final magnification of xl5,000, were used 
to obtain the number of pores per 10 jim of nuclear 
membrane and the relative volume (%) of euchromatin in 
the cardiomyocyte nucleus. 

The relative volume corresponds to the area occupied by 
the structure presented as a %. The relative volume was 
obtained using a test system equipped with 81 points 
(considered as 100%), which were allocated on each electronic 
image where the points for each component were counted. 

The following formula was used to calculate the 
relative volumes 

Vv[struc] = SPIstruct] .100/PT; where Vv[struct] = Relative 
volume, 2P [struct] = Number of points on the structure in 
question, and PT = Total number of points (81) of the test 
system (25-26). All measurements were performed using an 
image analysis program (Axio Vision, Zeiss, 2009) obtained 
from the Laboratory of Quantitative Studies of Sao Judas 
Tadeu University, Sao Paulo. 

Statistical analysis 

The data obtained for each parameter were tabulated and 
the means were calculated. Significant differences between 
the means were evaluated using Student's t test. P<0.05 was 
considered significant. The GraphPad Prism 5 program 
(GraphPad Software, San Diego, CA, USA) for Windows 
was used for data analysis. 

Ethical information 

All surgical procedures and protocols outlined in this 
study were approved by the Experimental Animal Use 
Committee of Sao Judas University and were conducted in 
accordance with the National Institutes of Health (NIH) 
Guide for the Care and Use of Laboratory Animals (Ethical 
Protocol number A003/2010). 

■ RESULTS 

Estradiol plasma levels and systolic blood pressure 

The analysis of blood obtained from the OVX mice 
indicated results that were consistent with castrated 
females: the plasma estradiol levels were significantly lower 
compared with the sham-operated mice {p<0.05). The mean 
systolic blood pressure at rest was significantly higher in the 
OVX compared with the sham-operated mice at the time of 
sacrifice (^<0.05) (Table 1). 
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Table 1 - Plasma estradiol levels and systolic blood 
pressure (SBP) in the two studied groups of mice. 



Parameters 


Sham-operated 


ovx 


p-value 


Estradiol (pg/ml) 


95±3.2 


32 + 0.4* 


<0.05 


SBP (mm Hg) 


112 + 3.0 


127.3 + 2.0* 


<0.05 



Values represent the means + SD. *p<0.05 vs. sham group. Student's t 
test was used for the statistical analysis. 

Number and size of NP granules 

Cytoplasmic secretory granules were predominantly 
arranged in groups among the mitochondria (Figure lA) 
and near the Golgi complex (Figure IB). The number of NP 
granules in the cytoplasm of the cardiomyocyte was lower 
in the OVX mice compared with the sham-operated mice 
{lp<0.05). Ovariectomy also significantly reduced the size of 
the NP granules (^<0.05) (Figure 2). 

Relative volumes of the Golgi complex 
and mitochondria 

The Golgi complex exhibited widened cisternae predo- 
minantly localized among the cytoplasmic secretory gran- 
ules; the mitochondria appeared as a heterogeneous mixture 
of elongated, tubular forms and short vesicular forms 
(Figure 1). The OVX mice exhibited lower relative volumes 
of the Golgi complex and mitochondria (%) compared with 
the sham group {ip<Q.05) (Table 2). 

Relative volume of euchromatin and number of 
pores in the nuclear membrane 

In the cardiomyocytes obtained from the mice in the 
two groups, the euchromatin appeared disperse and not 
readily stainable, whereas the heterochromatin appeared as 
a narrow peripheral band near the nuclear membrane 
(Figure 3). The cross sections show the typical structure of 
the nuclear envelope with two parallel membranes and the 
nuclear pores as electron-dense structures embedded in the 
spaces where the inner and outer nuclear membranes join 




Figure 1 - Electronic photomicrographs of sections obtained from 
RA cardiomyocytes showing (A) the number of NP granules 
(white arrows) dispersed among mitochondria (M) and (B) the 
mitochondria with varied forms (M) and NP granules near the 
Golgi complex (G). 





SHAM OVX 



SHAM 



OVX 



Figure 2 - Mean data showing the effects of ovariectomy on the 
number (A) and size (B) of NP granules in RA cardiomyocytes. 
*p<0.05 vs. sham. Values represent the means ± SD. Student's t 
test was used for the statistical analysis. 

together (Figure 3). The density of the pores in the nuclear 
membrane and the relative volume of nuclear euchromatin 
were significantly lower in the RA cardiomyocyte obtained 
from the OVX group compared with the sham group 
(^<0.05) (Table 2). 

■ DISCUSSION 

There are two major findings in the present study. First, the 
middle-aged mice subjected to ovariectomy exhibited a 
significant decrease in the number and size of NP granules 
of RA cardiomyocytes compared with the sham-operated 
controls. These findings indicate that estrogens enhance NP 
production, which has previously been reported in other 
animal models (9-14). Second, the number of nuclear pores 
and the volumetric fractions of euchromatin, mitochondria 
and the Golgi apparatus were significantly reduced in the 
mice 3 months after ovariectomy but not in the sham- 
operated mice. This is the first demonstration that lower 
levels of estrogens are associated with a morphometric 
reduction of the secretory apparatus in atrial cardiomyocytes. 

In the present study, the mice subjected to ovariectomy 
exhibited a significant decrease in the number and size of 
NP granules of the RA cardiomyocytes compared with the 
sham-operated controls. The reduction in NP production 
was associated with increased blood pressure in accordance 
with previous results (27-29). This increase demonstrated 
the importance of NPs and estrogen in the control of blood 
pressure. 

It is known that after menopause, blood pressure 



Table 2 - Morphonnetric indexes of the cardionnyocyte 
cytoplasnn and nucleus in the RA of shann and OVX nnice. 



Morphometric 
indexes 


Sham-operated 


OVX 


p-value 


RVGC (%) 


2.2 + 0.2 


1.7 + 0.2* 


<0.05 


RVM (%) 


23 + 3.0 


19 + 1.0* 


<0.05 


RVE (%) 


66 + 5.0 


58 + 2* 


<0.05 


NPs/10 ^im NM 


4.1+0.3 


3.0 + 0.1* 


<0.05 



Values represent the means + SD. RVGC, relative volume of Golgi 
complex; RVM, relative volume of mitochondria; RVE, relative volume of 
euchromatin; NP/10 |im NM, number of pores/10 |im of nuclear 
membrane. *Significant vs. sham group. Student's t test was used for the 
statistical analysis. 
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Figure 3 - Electronic photomicrographs of sections obtained from 
RA cardio myocytes of mice from the sham (A) and OVX (B) 
groups showing the nucleus (N) with euchromatin (white arrows) 
and the pores of the nuclear membrane (black arrows). 

increases in women to levels even higher than found in men 
(28-30). The reduction in NPs after menopause could 
explain why hormone replacement therapy does not 
significantly reduce blood pressure in most postmenopausal 
women, which suggests that the loss of estrogens may 
not be the only component involved in the higher blood 
pressure in women after menopause. It has been suggested 
that estradiol protects rats from developing hypertension by 
increasing NO and NP levels while decreasing renin activity 
(15). 

The present results are in accordance with recent studies 
in rats which have suggested that estrogen controls the 
production of NPs (13,31,32) and their release into the 
bloodstream (10,13,33,34). The mechanism for the reduction 
of NP synthesis observed in ovariectomized mice might be 
related to gene expression in RA. In a recent study, it was 
shown that ovariectomy significantly down-regulated NP 
expression in the RA, which indicates that this gene is under 
estrogenic control (10). 

The present study demonstrated adverse effects on nuclear 
and cytoplasmic cardiomyocyte parameters induced by 
ovariectomy. The cardiomyocytes of mice that underwent 
ovariectomy presented a low density of nuclear pores and 
decreased volumetric fractions of euchromatin, mitochondria 
and Golgi complex. These findings are consistent with 
previous research that indicated that the production and 
secretion of NPs depend on the secretory apparatus of atrial 
cardiomyocytes (17), which, in turn, depends on the action of 
estrogens (10). 

Thus, the decreased euchromatin volumetric fractions in 
the OVX mice and subsequent reduced RNA transcription 
rates associated with the decreased volume in the Golgi 
complex provide evidence that the rate of NP S3mthesis may 
decrease as a response to the lack of stimulation by estrogen. 

Estrogens belong to a class of steroid hormones that 
regulate target cells upon binding to intracellular and 
membrane receptors. The existence of estrogen receptors 
has been demonstrated in cardiomyocytes (35). Estrogen 
binding causes conformational changes to estrogens recep- 
tors with attachment to cellular proteins that serve the 
transcriptional coactivators (36). In adult rats, ovariectomy 
has been shown to decrease atrial estrogen receptor and NP 
transcription (37). It is possible that the same effects 
occurred in the present study. In summary, in the present 
study, the lack of estrogens resulted in decreased function- 



ing of the cardiomyocytes in RA mice as a result of 
the hypotrophy of their nuclear and cytoplasmic compo- 
nents, including the nuclear pores, Golgi apparatus and 
mitochondria, which was related to the production and 
secretion of NPs. 

■ AUTHOR CONTRIBUTIONS 

De Souza RR and Pithon-Guri TG were responsible for the study design, 
statistical analysis, data evaluation and collection, manuscript writing and 
critical review. De Oliveira VG contributed to the statistical analysis and 
data evaluation and collection. Maldonado DG contributed to the data 
evaluation, manuscript writing and critical review. 

■ REFERENCES 

1. DeBold MLK. Estrogen, natriuretic peptides and the renin-angiotensin 
system. Cardiovasc Res. 1999;41(3):524-31. 

2. Daniels LB, Maisel AS. Natriuretic Peptides. J Am Coll Cardiol. 
2007;50(25):2357-68, http://dx.doi.Org/10.1016/j.jacc.2007.09.021. 

3. O'Donnell PJ, DriscoU WJ, Back N, Muth E, Mueller CP. Peptidylglycine- 
alpha-amidating monooxygenase and pro-atrial natriuretic peptide 
constitute the major membrane-associated proteins of rat atrial secretory 
granules. J Mol Cell Cardiol. 2003;35(8):915-22, http://dx.doi.org/10. 
1016/50022-2828(03)00171-8. 

4. Maksimov VF, Korostyshevskaya IM, Markel AL, Shmerling MD, 
Yakobson GS. Structural characteristics of cardiomyocytes in the right 
atrium of NISAG rats. Bull Exp Biol Med. 2004;138(l):l-4, http://dx.doi. 
org/10.1007/BF02694458. 

5. Maffei S, Del Ry S, Prontera C, Clerico A. Increase in circulating levels of 
cardiac natriuretic peptides after hormone replacement therapy in 
postmenopausal women. Clin Sci (Lond). 2001;101(5):447-53, http://dx. 
doi.org/10.1042/CS20010039. 

6. Firmes LB, Belo NO, Reis AM. Conjugated equine estrogens and 
estradiol benzoate differentially modulate the natriuretic peptide system 
in spontaneously hypertensive rats. Menopause. 2012;20(5):554-60. 

7. Tsai EM, Yang YY, Lee XT, Chang YLS, Lee JN. Atrial natriuretic peptide 
inhibits ovarian functions in female mice. Eur J Obstet Gynecol Reprod 
Biol. 2005;119(2):215-308, http://dx.doi.Org/10.1016/j.ejogrb.2004.09.005. 

8. Belo NO, Sairam MR, Reis AM. Impairment of the natriuretic peptide 
system in foUitropin receptor knockout mice and reversal by estra- 
diol: implications for obesity-associated hypertension in menopause. 
Endocrinology. 2008;149(3): 1399-406, http://dx.doi.org/10.1210/en.2007- 
0572. 

9. Wang D, Gutkowska J, Marcinkiewicz M, Rachelska G, Jankowski M. 
Genistein supplementation stimulates the oxytocin system in the aorta of 
ovariectomized rats. Cardiovasc Res. 2003;57(l):186-94, http://dx.doi. 
org/10.1016/S0008-6363(02)00655-7. 

10. Gutkowska J, Paquette A, Wang D, Lavoie JM, Jankowski M. Effect of 
exercise training on cardiac oxytocin and natriuretic peptide systems in 
ovariectomized rats. Am J Physiol Regul Integr Comp Physiol. 
2007;293(l):R267-75, http://dx.doi.org/10.1152/ajpregu.00071.2007. 

11. Back H, Forssmann WG, Stumpf WE. Atrial myoendocrine cells 
(cardiodilatin/ atrial natriuretic polypeptide-containing myocardiocytes) 
are target cells for estradiol. Cell Tissue Res. 1989;255(3):673-4. 

12. Hong M, Yan Q, Tao B, Boersma A, Han KK, Vantyghem MC. Estradiol, 
progesterone and testosterone exposures affect the atrial natriuretic 
peptide gene expression in vivo in rats. Biol Chem Hoppe-Seyler. 
1992;373(4):213-8. 

13. Jankowski M, Rachelska G, Donghao W, McCann SM, Gutkowska J. 
Estrogen receptors activate atrial natriuretic peptide in the rat heart. Proc 
Natl Acad Sci USA. 2001;98(20):1 1765-70, http://dx.doi.org/10.1073/ 
pnas.201394198. 

14. Ohba H, Takada H, Musha H, Nagashima J, Mori N, Awaya T, et al. 
Effects of Prolonged Strenuous Exercise on Plasma Levels of Atrial 
Natriuretic Peptide and Brain Natriuretic Peptide in Healthy Men. Am 
Heart J. 2001;141(5):751-8, http://dx.doi.org/10.1067/mhj.2001.114371. 

15. Xu X, Xiao JC, Luo LF, Wang S, Zhang JP, Huang JJ, et al. Effects of 
ovariectomy and 17p-estradiol treatment on the rennin-angiotensin 
system, blood pressure, and endothelial ultrastructure. Int J Cardiol. 
2008;130(2):196-204. 

16. Mahmoodzadeh S, Pham TH, Kuehne A, Fielitz B, Dworatzek E, 
Kararigas G, et al. 17P-Estradiol-induced interaction of ERa with 
NPPA regulates gene expression in cardiomyocytes. Cardiovasc Res. 
2012:96(3):411-21, http://dx.doi.org/10.1093/cvr/cvs281. 

17. Puffery AA. Laboratory animals: an introduction for experimenters. 
Wiley, 1995, 2nd ed, Michigan University, 2010. 

18. Britto RR, Santos RAS, Fagundes-Moura CR, Khosla MC, Campagnole- 
Santos MJ. Role of angiotensin (1-7) in the modulation of the baroreflex 
in renovascular hypertensive rats. Hypertension. 1997;30(3 Pt 2):549-56, 
http://dx.doi.Org/10.1161/01.HYP.30.3.549. 



557 



Effects of ovariectomy on right atrium 
De Souza RR et al. 



CLINICS 2014;69(8):554-558 



19. Cantin M, Timm-Kennedy M, El-Khatib E, Huet M, Yunge L. 
Ultrastructural cytochemistry of atrial rauscle cells. VI. Coraparative 
study of specific granules in right and left atrium of various animal 
species. Anat Rec. 1965;153(l):55-70. 

20. Mifune H, Suzuki S, Noda Y, Hayashi Y, Mochizuki K. Fine structure of 
atrial natriuretic peptide (ANP)-granules in the atrial cardiocytes in the 
hamster, guinea pig, rabbit, cat and dog. Jikken Dobutsu. 1992;41(3): 
321-8. 

21. Cavallini G, Clerico A, Del Chicca M, Gori Z, Bergamtni E. Changes in 
endocrine atrial rat cardiocytes during growth and aging: an ultra- 
structural, morphometric and endocrinological study. Aging (Milano). 
1994;6(3):167-74. 

22. Gama EE, de Carvalho CA, Liberti EA, de Souza RR. Atrial natriuretic 
peptide (ANP)-granules in the guinea pig atrial and auricular cardio- 
cytes: an immunocytochemical and ultrastructural morphometric com- 
parative study. Ann Ana. 2007;189(5):457-64, http://dx.doi.org/10.1016/ 
j.aanat.2006.11.006. 

23. Gama EE, Liberti EA, de Souza RR. Effects of pre- and postnatal protein 
deprivation on atrial natriuretic peptide -(ANP-) granules of the right 
auricular cardiocytes. An ultrastructural morphometric study. Eur J Nutr. 
2007;46(5):245-50. 

24. Pan SS. Alterations of atrial natriuretic peptide in cardiomyocytes and 
plasma of rats after different intensity exercise. Scand J Med Sci Sports. 
2008;18(3):346-53, http://dx.doi.Org/10.llll/j.1600-0838.2007.00684.x. 

25. Gundersen HJG. Stereology of arbitrary particles. A review of unbiased 
number and size estimators and the presentation of some new ones in 
memory of William R. Thompson. J Microsc. 1986;43:3-45, http:/ /dx.doi. 
org/10.1111/j.l365-2818.1986.tb02764.x. 

26. Mayhew TM, Lucocq JM. Development in cell biology for quantitative 
immunoelectron microscopy based on thin sections: a review. Histochem 
Cell Biol. 2008;130(2):299-313, http://dx.doi.org/10.1007/s00418-008- 
0451-6. 

27. Hernandez I, Delgado JL, Diaz J, Quesada T, Teruel MJG, Carmellanos 
M, Carbonell LE- 17p-Estradiol prevents oxidative stress and decreases 
blood pressure in ovariectomized rats. Am J Physiol Regulatory 
IntegrativeComp Physiol. 2000 279:R1599-1605. 

28. Irigoyen MC, Paulini J, Elores LJE, Elues K, BertagnoUi M, Moreira ED, 
et al. Exercise training improves baroreflex sensitivity associated with 



oxidative stress reduction in ovariectomized rats. H3^ertension. 2005; 
46(4):998-1003, http://dx.doi.org/10.1161/01.HYP.0000176238.90688. 
6b. 

29. Elues K, Paulini J, Brito S, Sanches IC, Consolim-Colombo E, Irigoyen 
MC, et al. Exercise training associated with estrogen therapy induced 
cardiovascular benefits after ovarian hormones deprivation. Maturitas, 
2010;65(3):267-271, http://dx.doi.Org/10.1016/j.maturitas.2009.ll.007. 

30. De Angelis KLD, Oliveira AR, Werner A, Bock P, Bello-Klein A, Irigoyen 
MC. Exercise training in aging: hemodynamic, metabolic and oxidative 
stress evaluations. Hypertension. 1997;30(3):767-771, http://dx.doi.org/ 
10.1161/01.HYP.30.3.767. 

31. Van Eickels M, Grohe C, Cleutjens JP, Janssen BJ, Wellens HJ, 
Doevendans PA. 19P-Estradiol attenuates the development of pressure- 
overload hypetrophy. Circulation. 2001;104(12):1419-23, http://dx.doi. 
org/ 10.1 161 /hc3601 .095577. 

32. Jankowski M, Wang D, Mukaddam-Daher S, Gutkowska J. Pregnancy 
alters nitric oxide synthase and natriuretic peptide systems in the rat left 
ventricle. J Endocrinol. 2005;184(1):209-17, http://dx.doi.org/10.1677/ 
joe.1.05702. 

33. Davidson BJ, Rea CD, Valenzuela GJ. Atrial natriuretic peptide, plasma 
renin activity and aldosterone in women on estrogen therapy and with 
premenstrual syndrome. Eertil Steril. 1988;50(5):743-6. 

34. Spinetti A, Margutti A, Bertolini S, Bernardi E, BiEulco G, Uberti ECD, 
et al. Hormonal replacement therapy affects calcitonin gene-related 
peptide and atrial natriuretic peptide secretion in postmenopausal 
women. Eur J Endocrinol. 1997;137(6):664-9. 

35. Jun SS, Chen Z, Pace MC, Shaul PW. Estrogen upregulates cycloox- 
ygenase-1 gene expression in ovine fetal pulmonary artery endothelium. 
J Clin Invest. 1998;102(l):176-83, http://dx.doi.org/10.1172/JCI2034. 

36. Katzenellenbogen BS, Montano MM, Ediger TR, Sun J, Ekena K, 
Lazennec G, et al. Estrogen receptors: selective ligands, partners, 
and distinctive pharmacology. Recent Prog Horm Res. 2000;55:163-93; 
discussion 194-5. 

37. Deng YM, Kaufman S. The influence of reproductive hormones on ANE 
release by rat atria. Life Sci. 1993;53(9):689-96, http://dx.doi.org/10. 
1016/0024-3205(93)90245-X. 



558 



